Infection by Orientia (formerly Rickettsia) tsutsugamushi causes scrub typhus, a severe febrile disease common in Asia. Both scrub typhus and AIDS are prevalent in northern Thailand. Therefore, we prospectively investigated the impact of infection due to human immunodeficiency virus (HIV) on the severity of the clinical syndrome produced by 0. tsutsugamushi. The severity of scrub typhus was objectively graded on admission of patients to the hospital, and serologies for antibodies to HIV were performed. Fourteen (16%) of 86 patients with scrub typhus were infected with HIV; the median T helper cell count was 70/mm 3 . There were no significant differences between HIV-infected patients and non-HIV-infected patients in severity scores or other admission characteristics. 0. tsutsugamushi was isolated in blood samples from 48.6% of patients without HIV infection and in blood samples from 14.3% of HIV-infected patients (P < .05, A'2 test). The clinical manifestations of 0. tsutsugamushi infection, unlike those due to some other intracellular pathogens, are not unusually severe in immunocompromised patients with AIDS.
Scrub typhus is an acute, febrile disease that is endemic in rural Asia and can affect travelers to different areas of the continent [1] . The causative organism, Orientia (formerly Rickettsia) tsutsugamushi, is an intracellular pathogen that is transmitted to humans by the bite of a larval mite. An eschar and regional lymphadenopathy often develop at the site of infection. For unclear reasons, some infections are inapparent, while others are severe: casefatality rates vary from 0 to 50% [2] .
Scrub typhus is a common cause of unexplained fever in northern Thailand [3] , where the prevalence of HIV infection is increasing rapidly. Patients with AIDS who are coinfected with some intracellular organisms have been found to have more-severe disease [4] and more frequent and prolonged bacteremia [5] . Therefore, we prospectively investigated the role of HIV infection as a possible risk factor for developing severe scrub typhus.
Patients and Methods
Patients. Adults with an acute febrile illness who were admitted to the medical wards of Chiangrai Regional Hospital (Chiangrai, Thailand) between June 1994 and December 1994 were considered for the study. Patients known to be infected with HIV or patients who presented with known opportunistic infections were excluded. Patients were tested for scrub typhus if no cause of fever could be determined on the basis of the initial history, physical examination findings, complete blood count, routine biochemistry results, and malaria smear results. Antibodies to 0. tsutsugamushi were measured with use of the indirect immunoperoxidase test [6] . Patients were included in the study if analysis of sera obtained on admission revealed that the titer of IgM antibody was .-1:400 and/or the titer of IgG antibody was .-1:1,600, as these titers indicate active illness rather than previous infection in Chiangrai [3] .
Approximately 0.5 mL of a patient's blood was inoculated into three mice for isolation of rickettsiae. Sera were assayed for antibodies to HIV with use of a commercially available ELISA kit (Enzygnost Anti-HIV1/2, Behring, Marburg, Germany; and/or Genelavia Mixt, Sanofi Diagnostics Pasteur, Marnes-la-Coquette, France; and/or Serodia-HIV, Fujirebio Inc., Tokyo). CD4 cell determinations were made for HIVinfected patients by use of direct immunofluorescence with monoclonal antibodies of the T series (Becton Dickinson; Mountain View, CA) and flow cytometry (FACScan with SimulSet software; Becton Dickinson).
Clinical grading. A numerical assessment of the severity of scrub typhus was formulated before the study was begun; this assessment was based on data from 616 cases reported in the definitive scrub typhus clinical study by Sayen et al. [7] . Patients were then assigned a severity score on admission by one of us (P. K.), without knowledge of HIV status. Patients with uncomplicated scrub typhus were assigned a severity score of zero, while points were assigned for increasing degrees of severity as follows (table 1) . Mental status. Unresponsive coma is an infrequent complication of scrub typhus but has a poor prognosis [7] . If a patient's mental status was normal, a score of zero was given. Comatose patients were accorded a score of 5. A score of 1 was given for lesser changes in levels of consciousness, such as drowsiness or stupor.
Respiratory function. Pulmonary dysfunction is a frequent manifestation of 0. tsutsugamushi infection [7] . Patients with normal respiratory function were given a score of 0. Patients with cyanosis or respiratory distress requiring intubation were given a score of 3. Patients with tachypnea, cough, or abnormal findings on a chest roentgenogram were given a score of 1.
Cardiovascular function. Hypotension (a systolic pressure of mm Hg and/or a diastolic pressure of -60 mm Hg) with signs of shock was graded as 3. Hypotension without circulatory compromise was graded as 1. Patients with normal cardiovascular function were assigned a score of 0.
Hepatic involvement. Jaundice is an infrequent manifestation of scrub typhus [7] ; hepatic failure has not been reported. Patients who were jaundiced or had total bilirubin levels of 3.0 mg/dL were given a score of 1. Patients without jaundice were given a score of 0.
Statistical analysis. The number of HIV-infected patients from whom rickettsial isolates were recovered was compared with the number of non-HIV-infected patients from whom rickettsiae were recovered by means of the x 2 test with Yates' correction. Comparisons of severity scores, geometric mean antibody titers for HIV-infected and non-HIV-infected patients, and antibody titers for patients with and without rickettsiae isolated were performed with use of the Mann-Whitney U test. Admission characteristics of the two groups of patients were compared using two sample Student's t test for those variables with a normal distribution and by the Mann-Whitney U test for variables without a normal distribution. The correlation between CD4 cell counts and severity scores was measured with use of the Pearson correlation coefficient. Two-sided values of significance were used in all cases.
Results

Patients.
A total of 86 patients with scrub typhus were included in the study. Of these, 14 were seropositive for antibodies to HIV, and 72 were seronegative (table 2). There were no significant differences between the two groups in admission characteristics (table 2). CD4 cell determinations were made for 11 of the 14 HIV-infected patients. T helper cell counts ranged from 10/mm3 to 410/mm3; 8 (73%) of the 11 patients tested had counts of <200/mm3 . There were no significant differences between non-HIV-infected patients and HIVinfected patients in terms of geometric mean antibody titers: titers of IgM were 723 and 432, respectively, while titers of IgG were 1,845 and 2,153, respectively. Geometric mean IgG titers were similar for culture-positive patients and culturenegative patients (i.e., 2,320 and 2,412, respectively).
IgM titers were significantly higher for those patients from whom rickettsiae were isolated (1,966) than for those from Table 2 . Findings on admission to the hospital for 86 patients with scrub typhus. whom the organisms were not isolated (510) (P < .001). 0. tsutsugamushi was isolated in blood samples from 35 (48.6%) of 72 non-HIV-infected patients and in blood samples from 2 (14.3%) of 14 HIV-infected patients (P < .05, x2 test).
Severity score. The majority of patients had no signs of severe scrub typhus (table 1) . There were no significant differences in scrub typhus severity scores between patients coinfected with HIV and those who were not (median score for both groups, 1.0; P > .05, Mann-Whitney U test). There was no correlation between severity score and CD4 cell count (r = 0.07).
Discussion
Some intracellular organisms such as varicella-zoster virus produce more-severe clinical manifestations in HIV-infected patients than in non-HIV-infected patients [4] , while intracellular organisms such as Salmonella species cause bacteremia more often in patients with AIDS than in non-HIV-infected patients [5] . However, the reverse occurred among patients with 0. tsutsugamushi infections: not only were severity scores on admission no higher for HIV-infected patients, but rickettsemia occurred significantly less often in these patients (14.3% of HIV-infected patients vs. 48.6% of non-HIV-infected patients; P < .05). One possible explanation for the lower rates of recovery of rickettsiae from HIV-infected patients is that dysfunction of the T lymphocyte/monocyte axis is central to the development of AIDS, and O. tsutsugamushi is believed to circulate within monocytes [8] .
The finding that scrub typhus in patients with AIDS was no more severe than in patients who were seronegative for the virus was surprising and highlights the fact that our understanding of the pathogenesis of 0. tsutsugamushi infection remains incomplete. Most reports of severe disease date from the preantibiotic era, before modern immunohistologic methods were available [9] .
Not all intracellular pathogens produce more-severe disease in patients with AIDS. There appears to be no important interaction between malaria and HIV infection in adults; rates of parasitemia or cerebral malaria are similar for those who are infected and for those who are not, and the outcome of severe disease is no worse for HIV-infected patients than for non-HIV-infected patients [10] . Elevated levels of TNFa in patients with AIDS were considered a possible explanation for the unexpected finding that listeriosis was infrequent in such patients [11] .
In our study there was an apparent lack of interaction between HIV infection and scrub typhus despite the fact that the HIV-infected patients were profoundly immunosuppressed; the median number of T helper cells was only 70/mm 3 . Indeed, opportunistic infections were diagnosed during hospitalization in 11 (79%) of these 14 patients with AIDS. Our study focused on HIV infection as a risk factor for developing severe scrub typhus and was not designed to examine the influence of AIDS on either response to treatment or on the prevalence of 0. tsutsugamushi infection; these important issues are under investigation.
